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ABSTRACT:  The  normal  shock  (Raaktns-Bugonlot )  relations  tn  presented 
In  tabular  fora  far  altitudes  ranging  tram  sea  laval  to  300,000  faat  in 
50,000  feet  Intervale.  The  range  of  ahock  temperatures  extends  froa 
286 . l6°K  to  3l6,228°K  for  eea  level;  for  each  of  the  other  altitudes,  the 
range  extenda  froa  2000°K  to  3l6,228°K,  or  to  the  teaperature  at  vhlch 
radiation  preaaure  and  radiation  energy  become  Important  (whichever  ie 
the  lower). 

The  effecta  of  altitude  co  the  normal  ahock  relatione  are 
eianarlred  by  plot  a  a  bowing  that  for  atrong  »  hocks  In  air,  the  dimensionless 
values  for  ahock  tesperature,  density,  and  gaama  as  functions  of  shock 
strength,  are  quite  sensitive  to  altitude  changes.  For  weak  to  Moderately 
strong  shocks,  however,  these  relations  are  relatively  Insensitive  to 
altitude  changes.  The  dimensionless  values  of  chock  velocity  and  energy 
density  are  comparatively  Insensitive  to  altitude  even  for  strong  shocks. 
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The  calculations  presented  la  this  report  vtrc  mad*  la  conjunction 
with  a  strict  of  studies  of  the  effect  of  altitude  on  explosion  phenomena 
being  conducted  at  ROL  by  the  Air-Ground  Explosions  Division*  They  vere 
aade  as  a  part  of  Task  So.  701-267/76O02/oiC*0  under  the  auspices  of  the 
Bureau  of  Ordnance  and  comprise  a  partial  solution  of  Key  Problem  #12, 
("Key  Problem  la  Explosives  Research  and  Development",  XAYORD  U299)  of 
the  Air  Defense  Systems  section* 
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1.  otrooctior 

The  purpose  of  the  pressnt  work  was  to  investigate  the  effect  of 
altitude  ob  the  normal  ehock  (Rnaklae-Hugoalot)  relation*  and  to  present 
tbeee  relatione  la  convenient  tabular  form  for  various  altitudes  from 
**a  level  to  300,000  feet.  The  calculations  were  bated.  00  current!/ 
accepted  equation  of  atate  data*  cccputed  by  J.  Hilaenrath  and  co-wcrkera 
of  the  Rational  Bureau  of  Standards  (references  1,  2,  and  3)  and  tbs 
AKDC  model  atmosphere  (reference  V}  accepted  by  the  National  Advisor/ 
Coamittee  for  Aeronautics  19  to  100,000  feet  and,  tentatively,  up  to 
300,000  feet. 

The  properties  of  a  shock  wave  in  air  depend  upon  the  condition  v  la 
front  of  the  shock,  and  hence,  upon  the  altitude.  Ae  demonstrated  in 
section  2,  however,  the  various  relations  between  the  shock  parameters 
expressed  in  dimensionless  form**  are  Independent  cf  the  conditions  In 
front  of  the  check  If  the  fluid  behaves  as  a  perfect  gas  with  constant 
specific  heats;  these  relatione  are  relatively  insensitive  to  variation 
in  altitude  for  weak  or  moderately  strong  shocks  and  some  remain  rela¬ 
tively  insensitive  to  variation  in  altitude  for  strong  shocks  while  others 
become  quite  sensitive. 

The  sh,>ck  front  parameters  are  completely  deteralaed  by  specification 
of  the  conditions  in  front  of  the  shock  and  00c  additional  parameter,  e.g., 
the  shock  temperature.  Thus,  if  the  atmospheric  conditions  are  known  for 
eswh  altitude,  then  the  density,  pressure,  particle  velocity,  aitd  specific 


*  Equation  of  state  calculations  made  prior  to  those  of  references  1, 
2,  and  3  are  inaccurate  at  sufficiently  hi(jh  tceperatures  for 
dissociation  effects  to  aanlfect  themselves  due  to  an  incccurate 
value  of  the  dissociation  energy  of  nitrogti>,, 

**  The  pror.*r  dimensionless  fora  is  obtained  by  dividing  each 

variable  of  state  behind  the  shock  by  the  •  six  of  that  variable 
of  state  in  front  of  the  shock  and  by  dividing  each  velocity  by 
the  speed  of  sound  in  front  of  the  shock. 
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internal  energy  behind  the  front,  end  the  sl'ock  velocity  can  bj  confuted 
*e  function*  of  the  chock  tei^ereture.  The  procedure  utiliied  in  the 
present  calculations  it  deaeribed  ih  section  3*  The  atmospheric  condi¬ 
tion*  for  each  altitude  (obtained  fro*  reference  h)  are  presented  in 
table  1. 

The  effect  of  radiation  prteeure,  radiation  energy  dentlty,  and 
radiative  broadening  of  the  shock  front  are  santioned  briefly  and  tba 
approximate  teaperature  at  vhlch  the  first  two  of  these  become  important 
at  each  altitude  ia  indicated* 


The  normal  shock  relation*  are  presented  in  tabular  fora  in  tables 
II  through  VIII,  for  the  altitude  range  aentioned  above,  in  50,000  feet 
Intervale.  The  sea-level  values  are  for  a  range  of  shock  temperatures 
from  288.16°K  to  3l6,22fl°K;  the  value*  for  all  other  altitude*  are  for 
a  range  from  2000°1C  to  316,228°*  or  to  the  teajperature  at  vhlch  radiation 
effects  become  laportant  (vhichever  is  ths  lovsr).  The  illustrations 
show  the  variables  In  dimensionless  form  as  functions  of  the  pressure 
behind  the  shock  divided  by  the  pressure  in  front  of  the  shock.  It  caa 
be  seen  that  significant  differences  exist  between  some  of  tba  shock 
relations  for  altitudes  differing  by,  a.g.,  50,000  feet;  others 
nearly  invariant  to  auch  moderate  altitude  varlatlone. 

The  results  cf  the  calculations  are  discussed  in  section  5* 

2.  THS  EFFECT  OF  ALTITUDE  ON  THE  NORMAL  SHOCK  RELATIONS 

The  conventional  model  for  a  shock  front  consists  of  a  surface 
across  vhlch  the  flov  variables  (e.g.,  pressure,  density,  particle  velo¬ 
city)  are  assumed  to  undergo  discontinuous  changes  consistent  vlth  tbe 
lavs  of  conservation  of  mass,  momentum,  and  energy.  These  lav*  provide 
the  following  three  equations: 

(1)  /°o(u.  -  U)  -  /°s(u,  -  U)  (conservation  of  mass) 

(2)  u,(uf  -  U)  -  -  U)  -  P,~  P,  (conservation  of  momentum) 
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(3)  />*&  «,*«-£,) (y«-v)  -  /•«($«!  +  &.)(“. -U) 

“  -  P*u#  (conservation  of  energy). 


Bert  the  symbols  ,  u,  P,  U,  and  S  denote  density,  particle  velocity, 
pressure,  shock  velocity,  end  internal  energy  per  unit  mss,  respectively; 
the  subscript  a  refers  to  the  shocked  side  end  the  subscript  o  to  the 
unshocked  side  of  the  shock  front*  If  the  elr  in  front  of  the  shock 
behaves  os  a  perfect  gas  vlth  constant  specific  heat  ratio  ^  ,  then 


vhere  c0  ie  the  speed  of  sound.  I.t  is  expedient  to  define  an  effective 
ratio  of  specific  heats,  ,  for  the  shocked  side  of  the  shock  front 
by  the  rotation 


(6) 


The  variable,  ,  so  uefined  serves  as  an  index  vhlch  indicates  the 
extent  to  vhlch  the  equation  of  state  relating  pressure,  density,  and 
specific  intsrral  energy  deviates  frost  perfect  gas  behavior. 

By  use  of  relations  (U),  (5),  and  (6),  the  three  conservation  laws 
can  be  expressed  at 


(7) 


£±  (Hi 

/••U 
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Rote  that  equation*  (7)  through  (10)  comprise  four  Independent 
relation*  between  the  eight  dlmenelonles*  variable*  P,/P0,  tl/c0,  Ug/e0, 
rJr o»  E  sAo#  uo/c0»  ,  and  V0.  The  frame  of  referenc#  cam 

be  choata  to  be  *tationary  relative  to  the  unshoefced  air;  thu*,  can 
be  *et  equal  to  zero  and  thereby  eliminated  froa  the  equation*.  For  • 
perfect  gas,  the  effective  ratio*  of  specific  heat*,  and  JTa  are 

equal  to  the  true  ratio  of  specific  heat*  and  are  independent  of  tha 
thermodynamic  state  {l.e.,  -  F0  *  Cp/Cy  -  constant,  vher# 

Cp  i»  the  specific  heat  at  constant  pressure  and  Cy  the  specific  heat 
at  constant  voluiae  for  a  perfect  gas).  Thus,  for  a  perfect  ga*  tha 
specific  heat  ratio  1*  a  constant  parameter  and  equation*  (7)  through 
(10)  comprise  four  independent  relations  between  five  dimension!#*# 
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variable*  vhlch  are  Independent  of  the  aablent  conditions.  Tor  shocks 
of  weak  to  moderate  strength,  air  behaves  approximately  as  a  perfect  gas, 
and  consequently,  the  normal  shock  relations  expressed  In  dlmtusionless 
form  arm  approximately  Independent  of  aablent  conditions  (and,  hence* 
altitude)*. 

In  order  to  ascertain,  in  general,  the  effect  of  altitude  on  the 
normal  shock  relations  (in  dimensionless  fora)  it  is  convenient  to 
attribute  this  effect  to  variation  in  f ,  (and  to  variation  in  the 
coapresslblllty  factor  If  the  teaperature  ratio  is  to  be  considered). 
Consider  the  following  set  of  relations  Obtained  from  equations  (7)  through 
(10)  by  setting  equal  to  zero  and  solving  for  U/e0,  u»fco*  f  J  » 
and  iJt-Q  a*  functions  of  Pg/?0: 
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The  corresponding  relation  for  the  tesperatur#  ratio  c*n  be 
obtained  by  Introducing  the  compressibility  factor,  Z.  The  thcraal 
equation  of  etate  can  be  vrltten  formally  aa 

(15?  piT  *  r 

vbere  H  it  a  constant  reference  value  of  the  gas  constant  per  unit  mats 
taken  eucb  that  Z  le  equal  to  unity  for  the  um hocked  state.  Thus,  the 
teeperature  ratio  la  given  by 


If  the  functional  relationship  bstveea  if,  and  ?J?0  (see  figure 
III)  and  that  between  Z#  and  PB/PQ  were  not  dependent  upon  ambient 
conditions,  the  relations  between  the  dimensionless  variables  would  not 
vary  with  altitude  as  can  be  Inferred  by  Inspection  of  equations  (ll) 
through  (1*0  and  equation  (l6).  This  la  true  for  a  perfect  gas  and  la 
approximately  true  for  shocks  of  weak  to  moderate  strength  In  air.  Tor 
strong  shocks  in  air,  this  Is  not  true,  and  as  a  consequence,  while  eome 
of  the  relations  are  relatively  Insensitive  to  altitude,  others  are  quite 
sensitive.  This  can  be  deaonstrated  by  considering  each  of  the  relations 
(ll),  (12),  (13),  (U*),  and  (16),  and  assuming  typicel  valuen  for 
and  Z^.' 

Since  the  altitude  effect  Is  greatest  If  the  shock  is  strong.  It  will 
be  convenient  for  the  present  dlecuasion  to  assumo  that  PQ  Is  negligible 
In  cocparleon  to  P§  In  the  equations.  Equation  (ll),  in  the  strong  shock 
approximation,  reduces  to 

(17)  £l  V*  *  » 

/*.  k,  -  1 
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Pro*,  figure  III,  typical  value*  of  F,  are  taken  to  be  l.U,  1.3,  1.2, 
and.  l»l  for  the  temperature  and  altitude  range*  considered  here. 
Introducing  tne»e  value*  Into  (17)  yield*  for  the  dea*lty  ratio,  6,  7-2/3, 
11,  and  21,  respectively.  Equation  (12),  In  the  strong  shock  *pproxlaa- 
tlon,  reduces  tc 


s  ■  mV  . 


•  •  • 


[t  ♦  i  ~ r 
~*-y - "I 

.926,  .906,  .666,  and  .666,  respectively.  Kote  that  this  relation  Is 
much  less  affected  by  gas  lsperfectlon  than  (17)  and  consequently.  Is 
expected  to  be  auch  less  sensitive  to  altitude  variation. 

Equation  (13)  reduce*  to 


r. 

fj&O 

$ 

T 

1 

[v>  ■ 

1  2-y.j  J 

Ip.J 

1 

• 

For  the  saae  set  of  Jr#  values,  the  coefficient  of  (Pg/P0)^2  Is 
.772,  .708.  .806,  and  .825;  hence,  this  equation  is  relatively  Insensitive 
to  gas  imperfection  and  Is  expected  to  be  Insensitive  to  altitude  varia¬ 
tion.  Equation  (1U)  reduces  to 


•  •  • 


v.  -1  i?A 

y,  ♦  1  \pJ 


For  the  set  of  F  values,  the  factor  takes  on  the  value* 

•  ♦  I 

.167,  .171*,  ,lfl2,  and  .190;  hence  the  equation  1*  relatively  Insensitive. 

The  effect  of  gas  Imperfection  and  of  altitude  on  the  relation  betveea 
any  pair  of  the  dimensionless  variables  Pg/P0,  U/cD,  u8/c0,  p  J  pQ  , 
and  Ef/E0  can  be  Interpreted  as  a  variation  In  the  effective  specific 
heat  ratio  Fg.  The  effect  on  the  relation  between  T#/T0  and  any  one  of 


•  •  •  .  • 


•  •  •  • 


•  •  _  •  • 
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the  other  dimensionless  variable*  manifests  Itself  through  both  t  end 
Z*.  In  the  strong  shock,  approximation,  re  1st  Ion  (l6)  reduces  to 


v>  j 

for  the  shove  set  of  1T#  values,  and  the  factor  —  y  takes  on 

the  values  l/6,  1/7.67,  l/ll,  and  1/21  vhlch  cause  a  large  deviation 
from  the  perfect  gas  relations.  In  addition  to  this,  for  temperatures 
from  3000°S  to  300»OOG°K,  Zt  Increases  from  1  up  to  roughly  10  or  12. 
Thus,  relation  (2l)  Is  expected  to  be  very  sensitive  to  gas  Imperfection 
and  altitude.  Recapitulating,  the  following  characteristics  of  the 
(normal  shock)  relations  between  any  two  of  the  dimensionless  variables 
ps/p0.  u/e0.  us/co»  rJt'Q’  *■•/*<>  •  ftnd  VTo  *  wer%  noted: 

(I)  for  perfect  gases  the  relations  are  invarlent  to  change 
In  amolent  conditions; 

(II)  for  shocks  of  weak  to  moderate  strength  In  air  (Tor  vhlch 

Z*  a*  ZD  •  1  and  k,  3  kQ  "  !•**) 

the  relations  are  relatively  Insensitive  to  change  In 
ambient  conditions  (e.g.,  change  In  altitude); 

(ill)  for  strong  shocks  In  dir,  some  of  the  relations  are  very 

sensitive  to  ambient  conditions  (e.g.,  (*  J  f>  0  v*  po/po 

"nd  T,/T0  vs  P#/P0)  and  others  are  relatively  Insensitive 

to  ambient  conditions  (e.g.,  U/c0  vs  Pg/PG  ,  E*/^o  vs 

p./po  *  llnd  us/co  v»  ps/po)* 

3.  COKrVTATIOR/.l  PROCEDURE 

The  normal  shock  (Ranklne-Hugoniot)  relations 
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can  b*  derived  directly  from  the  conservation  relation*  (l),  (2),  and 
(3)*  (Ear*  tb*  notation  1*  th*  hjm  as  that  of  *«ctlon  2:  I,  tr  t  , 
and  U  druot*  Internal  an argy  par  unit  mats,  pressure,  danaity,  and  abock 
velocity,  raapactlraly,  and  tb*  aubacrlptr  a  and  o  refer  to  tb*  atata* 
on  tb*  abock  and  unahockad  aldea  of  tba  abock  front,  r**p*ctlv*ly»^ 

Tb*  aquation*  of  atata 

(2V)  P  -  P  (/• ,  T) 

and 

(25)  E  -  E  (/••!) 

are  obtainable  froo  tables  of  tb*  tbermodyn&adc  properties  of  air  (e.g. , 
tba  table*  of  references  1,  2,  and  3  prepared  at  the  Rational  Bureau  of 
Standards).  Tor  each  given  aet  of  aablent  condition*  (?Q,  pQ,  T0  , 
and  E0),  relation*  (22;,  (23),  (2k),  and  (25)  can  be  aolvad  aiatultanaoualy 
for  th*  abock  variable*  U,  f(l  JC,,  and  /»,  as  functions  of  Tg  and 
expressed  in  tabular  form. 

Th*  procedure  utilised  la  the  present  work  is  tb*  following*.  Let 
equation  (22)  be  written  in  the  for*** 


The  linear  interpolation  procedure  described  here  vae  suitable  for 
the  calculation*  at  shock  tenperaturea  above  2C0C°X  but  vaa  not 
tuff lclently  Accurate  for  lower  temperatures.  Ibe  low  tenperatur* 
calculations  for  the  altitude  range  considered  here  and  the  calcula¬ 
tion  procedure  by  which  they  vere  sade  will  be  presented  in  a  subsequent 
report.  The  present  report  13  concerned  with  temperatures  above  2C00°K; 
however,  the  lower  temperature  sea-level  calculations  have  been  Included 
for  the  convenience  of  the  reader. 

Rote  that  for  strong  shocks  P,»  P  and  E  »  S  and. 

*0  t  o  9 

thus,  equation  (26)  could  be  approxlnated  by 


•♦'•ft'*) 


This  approximation  was  not  employed  in  the  present  calculations. 
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•Ad.  detin*  x  and  y  by  tha  aquation* 

!27,  ,  .  ,(/>>  . 

•ad 

(28)  X  -  >•(/»)  >  “(«  -  A)  # 


If  y  i«  plotted  against  x  for  •  gi»sa  shock  tesperatura,  TJ(  and  unshocksd 
state  (PQ,  tQ),  there  1*  a  point  at  vhlch  the  ordinate  squals  th*  ab»cl*«a; 
at  this  point  />  equal*  /%  .  From  the  tables  represented  formally 

by  (2U)  and  (25),  data  for  the  determination  of  tvo  points  (xj,  yj)  and 
(x2»  y2)  of  the  curve  given  parametrically  by  (27)  and  (28)  can  ba 
obtained. 

The  points  1  and  2  should  be  such  that  /*,  and  /*,  are  th* 
corresponding  density  values  taken  from  the  table*  vhlch  are  the  nearest 
to  the  shock  values,  f>s  ,  one  being  slightly  larger  and  the  other 
slightly  smaller.  Then  the  point  (xg>  yg)  at  vhlch  the  Kanklna-Hugonlot 
relation  (26)  la  satisfied  can  be  obtained  by  linear  interpolation;  l.e., 
the  equation 


(29) 


~  (*»  _5f») 


determines  the  shock  value  *t  corresponding  to  f,  . 
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Thu*,  the  tint  step  In  th«  procedure  un  to  deternia*  theehoek 
flenatty  fa  fro*  equation*  (2d)  and  (29}.  Tb*  shock  pressure  f,  csa 
th*n  be  obtained  hy  interpolation  in  the  table  represented  by  (2k)# 
linear  Interpolation  vs*  used  la  tb*  present  vork,  P#  being  coeluted  fro* 


tb*  relntlo* 


T.  -  P,  ♦  (P,~P,)f  * 


•  •  •  • 


(31)  T  - 


A.  A 

P.  ~  P. 

£l  -  £L 

A  A 


Rext  the  shock  velocity,  U,  vas  cocputed  fro*  equation  (23).  Tb* 
specific  Internal  energy  behind  the  shock  front,  E, ,  can  be  obtained 
approxliKfctely  by  interpolation  in  the  table  represented  by  (25).  Linear 
Interpolation  vac  used,  K#  being  obtained  fro*  the  relation 


.•  •  •  • 


(32)  «,  -  *,  -  (E.-5JF  # 


9  •  •  .  • 


Toe  effective  ratio  of  specific  beat*  behind  the  shock  front,  I,  , 
vas  then  computed  fro* 


-\r-  •' 


(33)  E,  * 


Mr, 


9 . A _ 


The  partlcl*  velocity,  u#,  can  be  computed  fro*  the  expression 

(3k)  S  -  V  ( t  -  ~) 

hut  vas  not  Included  in  the  present  work. 

The  above  procedure  vas  carried  out  on  an  IBX  650  calculator  for  • 
closely  spaced  series  of  shock  temperatures  and  for  seven  different  sets 
of  aablect  conditions;  covering  the  altitude  range  fron  sea  level  to 
300,000  feet  In  50,000  feet  Intervals. 


•  •  • 


i,*,  ,  t 


.•  •  •  • 


9.  •  •  • 
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V.  onset  Of  RARIATIOR 

Radiation  pressure  and  radiation  tturgy  influence  th#  properties 
of  vary  intense  shock  vaves  and,  consequently,  modifications  ia  tha 
noraaX  shock  relations  wist  ha  nad*  to  taka  account  of  these*  off  acta* 

Tha  radiation  comet  ion*  beccrw  significant  vben  tha  radiation  an*  rax 
density  at^  hacoua  coqparabla  to  tha  Internal  energy  density  pX  of 
tha  Material  Medium  {*.*.,  air)  and  tha  radiation  pressure  a^/3  becomes 
comparable  to  tha  Material  pressure  P.  Zt  has  besn  pointed  cut  hy 
R-,  0.  Sacha  (reference  5)  that  the  pressure'  sad  anerjy  density  terms 
occurring  la  the  three  conservation  relations  applied  tcroes  the  shock 
front  Bust  b*  the  net  values,  l.e.(  the  hums  of  the  Materiel  and  radiation 
contributions*  Thus,  the  conservation  of  momentum  (equation  (2))  must  be 
aodifled  by  the  addition  of  the  corresr  JQding  radiation  pressure  to  each 
of  the  Material  pressure  terms  and  the  conservation  of  energy  (equation  3)) 
by  the  addition  of  radiation  pressure  and  radiation  energy  terms;  the 
conservation  of  nass  is  not  affected  by  the  presence  of  radiation. 

Tor  shocks  propagating  in  the  atmosphere  near  tea  level,  shock 
temperatures  of  the  order  of  Billions  of  degrees  are  required  before 
radiation  pm  sure  and  energy  density  effects  become  significant*  The 
calculations  contained  herein  for  sea  level  asd  50,000  feet  (vhlch  are 
for  shock  teaperatures  ranging  up  to  3l£,000°!)  require  no  radiation 
correction.  For  altitudes  of  100,000  feet,  150,000  feet,  200,000  feet, 
250,000  feet,  and  300,000  feet,  the  radiation  contributions  to  the 
pressure  and  energy  density  are  less  than  1$  for  tenpsratures  up  to  251,000®!, 
J25 ,000°!,  70,000°!,  31,000°!,  and  lk,000°!,  rsspcctivcly,  and  less  than 
10$  for  teaperatures  up  to  318,000°!,  251,000°!,  158,000°!,  89,000°!,  and 
31,000°!,  respectively.  Bo  radiation  corrections  vere  Made  in  the  present 
calculation  end  the  result*  are  not  given  for  temperatures  above  vhlch  the 
correction  needed  exceeds  1C$. 

In  reference  5,  Sachs  also  noted  that  radiative  diffusion  vould 
effect  the  thickness  of  the  shock  front.  A  quantitative  investigation 
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of  the  radiative  contribution  to  the  width  of  the  shock  front  ha*  b#ea 
carried  out  by  Heri  K.  Sen  and  Arnold  M.  Cues#  (referenc#  6).  They 
,wt«d  that  th#  radlatlv#  contribution  d#p«nda  primarily  on  th*  ratio  of  th* 
•can  fr#«  path  of  radiation  to  that  of  the  aaterlal  particle#,  that  thla 
radiation  effect  *a y  be  Important  even  if  radiation  pressure  and  energy 
density  are  negligible,  and  that  In  an  atmosphere  of  low  denalty  (*.g.»  at 
high  altitude)  the  radiative  broadening  of  the  chock  front  *ay  be  sufficiently 
great  to  virtually  nullify  the  shock.  This  effect  nay  play  an  important 
role  In  shock  propagation,  particularly  at  high  altitudes.  In  the  present 
calculations,  only  the  end  conditions  for  the  transition  of  the  fluid 
through  the  shock  are  Involved  and  It  la  assumed  that  the  three  conserva¬ 
tion  laws  apply  Just  as  If  the  shock  front  were  a  true  discontinuity. 


3.  D1SCUSSI0X  Of  RESULTS 

The  atmospheric  conditions  for  esch  altitude  considered  are  presented 
In  table  I.  The  values  of  the  density,  pressure,  teaperature,  and  sound 
speed  for  th#  undisturbed  air  at  each  altitude  w«r»  taken  frost  the  ARDC 
model  atmosphere  (3.956 )  contained  in  reference  V.  Thla  "standard  aUvosjjtre* 
which  1#  based  on  Rocket  Panel  data  ha#  been  accepted  by  th#  BACA  for 
altitude#  up  to  100,000  feet  and  tentatively  up  to  300,000  feat.  Th# 
analysis  of  Xlnltrack  data  on  the  first  US SB  satellite  1957  *lpba  2,  by 
I.  Harris  and  R.  Jastrov  of  the  U.S.  Baval  Research  Laboratory  Indicate# 
that  the  ARDC  model  underestimates  the  atmospheric  denalty  for  altitude# 
above  200  kilometers  (km).  This  Is  veil  beyond  th#  altitude  range  of  the 
present  calculations  which  la  fras  sea  level  to  j00,000  feet  (91.V  km). 

The  values  for  the  specific  Internal  energy  given  In  table  I  v#r# 
obtained  from  the  Batlcnal  Bureau  of  Standards  equation  of  state  data 
(reference  l)  under  the  assumption  that  the  composition  of  the  atmosphere 
It  tbs  sasse  for  each  of  the  altitudes  considered  here  as  at  sec  level. 
Approximate  equality  of  the  atomic  composition  Is  believed  to  exist  at 
these  altitudes  as  a  result  of  atmospheric  convection.  However,  the 
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molecular  composition  changes  with  altitude  due  to  dissociation,  formation 
of  otone,  etc.  Vulf  and  Deming  bar*  reported  that  the  dissociation  of 
oxygen  begins  at  60  Job  a ad  ta  essentially  cos® lets  at  100  ht,  the  transla¬ 
tion  layer  rising  20  km  ft  night;  In.  CQatre.it,  Milvaalar  reported  the 
corresponding  altitude  to  be  130  ku  end  167  k».*  The  present  calculations 
are  bated  on  tbe  assumption  that  only  the  thermodynamic  stats  of  the 
at ao sphere  varies  vith  altitude,  not  the  molecular  or  atomic  composition. 

Tables  II  through  VIII  contain  tbe  normal  shock  relations  In  tabular 
for*  for  altitudes  ranging  free  sea  level  to  300,000  feet  la  50,000  fact 
Intervals.  Tbe  sea-level  values  (table  II)  are  for  a  range  of  ahock 
temperatures  from  238.i£°lC  to  3l6,228°IC.  The  values  for  all  other 
altitudes  considered  art  for  a  range  from  2000°K  to  316, 228° JC  or  to  the 
temperature  at  vhlch  the  radiation  pressure  and  energy  density  are 
approximately  K#  of  tbe  pressure  sad  energy  density  of  the  material  (air), 
vhen  the  latter  is  the  lower.  Radiation  corrections  vsra  not  Included, 
for  each  shock  tempersture,  the  tables  give  ths  corresponding  value  of  tbe 
ratio  of  shuck  density  to  ambient  density,  /»,//•,  }  the  ratio  of 

(absolute)  shock  pressure  to  ambient  pressure,  P,/ P0;  the  ratio  of  ahock 
velocity  to  ambient  speed  of  sound,  U/c0;  the  ratio  of  shock  temperature 
to  ambient  temperature,  T#/T0;  the  effective  ratio  of  specific  bests,  Yt  , 
defined  by  equation  (6);  the  specific  luternsl  energy  at  ths  shock  front, 
E#,  expressed  la  calorles/gma;  and  the  shock  overpressure,  Po> 
expressed  In  pounds  per  square  Inch* 

-  The  dimensionless  variables  U/cot  Tg/T 0,  ft//*,  ,  Y,  ,  *»1 

Es/Eo  are  shown  as  functions  of  Pg/P0  In  figures  I  through  V  for  various 
altitudes  In  the  range  considered  here.  In  the  csss  of  weak  to  moderately 
strong  shocks,  air  does  not  deviate  greatly  from  perfect  gas  behavior  and, 
consequently,  the  functional  relationships  between  pslrs  of  these  dimension¬ 
less  variables  are  relatively  insensitive  to  altitude  variation.  Only  tiw 

*  See  reference  7,  page  212,  and  tbe  appropriate  references  contained 

therein. 
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sea  level  values  Tor  chock  temperatures  below  2000° JC  ere  Included  lc 
thie  import-  Calculations  la  thie  temperature  rang*  art  cow  being 
completed.  end.  will  bt  wait  available  la  a  subsequent  report.  In  the 
e»M  of  strong  shocks  P,  »  PQ),  some  of  the  relation*  art-  quit* 

sensitive  to  altltuda  (as  was  pointed  out  Is  Section  2);  the  relation 
betveen  U/c0  and  Pg/P0*  and  tha  one  between  2</E<J  and  Pfl/P0  are  only 
■lightly  affected  by  the  cltltude  varlatlona  conaldered  here;  the  relation 
between  Tg/f„  and  P,/P0»  the  one  between  /»,  /-.  and  ,  *ni 

the  one  between  4",  and  Pg/P0  are  such  sore  sensitive  to  altitude.  Thla 
can  be  aeen  clearly  In  the  illuatratloca. 

A  procedure  for  obtaining  the  tabular  ebook  relatione  for  safclent 
conditions  which  differ  by  a  noderate  amount  from  thoee  given  In  table  1 
(e.g.,  for  interaedlate  altitudes  or  for  eoaewbat  different  aablent 
conditions  at  sea  level)  la  the  following:  assume  that  the  tabular  value a 
In  dimensionless  fora  given  In  this  report  for  the  aablent  conditions  soet 
nearly  equal  to  the  desired  once  are  valid  for  the  latter  end  use  then 
accordingly.  The  validity  and  the  shortcomings  cf  this  procedure  can  be 
Inferred  from  the  Illustrations. 

*  It  wae  noted  by  L.  Rudlln  (reference  8)  that  this  relation  le 
expected  to  be  independent  of  ambient  conditions  Insofar  as  the 
Sachs  scaling  procedure  Is  valid.  Figure  I  Illustrates  the 
remarkable  extent  to  which  the  relation  Is  Insensitive  to  altitude 
variation. 


*»r*v'**« 


JCAVORD  REPORT  6075 


1#  2 


a 

e 

°9 

Cr 

It 

T 

o 

f 

R 

• 

T 

a 

0 

x 

r 

E 

Jr 


LIST  OP  SYMBOLS 


subscript!  which  denote  tvo  tbsreodynaaie  itttH  defined  by 
the  (Lock  temperature,  Ts,  and  the  density  y,  or  y,  , 
the  dene  tty  raluee  nearast  the  shock  density,  y,  ,  la  the 
tables  of  references  2  and  3,  one  bain*  slightly  larger  and 
tbs  other  slightly  saaller* 

constant  la  tbs  expression  for  the  radiation  energy  density 
(»r,! 

sound  speed 

specific  beat  at  constant  pressor* 
specific  beat  at  constant  volnae 
internal  energy  per  ralt  nass 
defined  by  equation  (31) 

subscript  referlng  to  tbe  unshoe led  side  cf  the  shock  front 


pressure 

constant  reference  value  of  the  gaa  constant  per  unit  aass 

subscript  referlng  to  the  shocked  side  of  tbe  obock  front 

tesperature  In  degrees  Kelvin 

particle  velocity 

shock  velocity 

defined  by  equation  (28) 

defined  by  equation  (27) 


coepresslblUty  factor  defined  by  equatlsn  (15) 

effective  ratio  of  specific  heats  dsflned  by  equations  (V)  and 

(6) 


-  -? 


r 


density 


XAYORD  REPORT  6075 


flargRzxea 


Hilaenrath,  J.,  et  al,  Table*  of  Thermal 
Rational.  Bureau  of  Standard*  dircuiar  555 
Washington  25,  D.  C.t  Koveaber  1,  195?* 


opertle*  of  Ctm, 
j"rpt»  of  Document*, 


Hllsenrath,  3.,  tnd  Beckett,  C.V.,  Table*  of 'Thermodynamic 
Propertle*  of  Argon-free  Air  to  15,00q6k,  Aj&C-TH-5b-12 1 
ASTIA  Document- Ko ,  AD  5697k,  U.S.  Air  ?orce,  Arnold  D*v« lopment 
Center,  Tullaboma,  Tepneetee,  September  1956* 

Hllaenrath,  3.,  Green,  M.S.,  and  Beckett,  C.V.,  Tbenvodynaalc 
Propertle*  of  Highly  lonlrcd  Air,  AFSWC-TR-56-35 ,  ASTIA  Document 
Be,  AD  96303,  Air  Force  Special  Weapon*  Center,  Air  Re»earch  and 
Development  Command,  Kirtland  Air  Force  Bate,  Sew  itexico,  April, 
l‘»57. 

Mlniner,  R.A.,  and  Ripley,  V.S.,  Table*  and  Graph*  of  the  ARDC 
Model  Atmosphere,  1956,  preliminary  edition.  Atmospheric  Phytic* 
laboratory,  Geophy*lc*  Research  Directorate,  Air  Force  Cambridge 
Research  Center,  Air  Research  and  Development  Coamand,  May,  1956 

Sach»,  R.G. ,  Fhy*.  Rer.  6£  51*  (19*6). 

Sen,  Karl  K.,  imd  Cues*.  Arnold  W.,  Radiation  Effects  In  Shock 
Vare  Structure  ,  Phys.  Rer.  108  560  (1957J* 

Xulper,  Gerard  P.,  The  Atmospheret  of  the  Barth  and  Plan*t»,  The 
Uhlrertlty  of  Chicago-!?***,  Chicago,  Illinois,  13*fl.  “ 

Rudlln,  L.,  Rote  on  the  Variation  of  the  Mach-Muaber  Shock -3t re 


Relation  vlth  Anblent  Conditions,  UavOrd  Report  4029,  June  15*  1955 


***** 


MAYORS  RETORT  6)75 


TABLE  U  RORXAL  830CK  RXLATIOKS  AT  SEA  LEVEL 


VPo»  *#1 


5.100 

2 

5.2CO 

5.300 

2 

2 

5  .*00 

2 

5-500 

2 

5.600 

2 

5.700 

2 

5. Soo 
5. SCO 

2 

2 

€.000 

2 

€.loc 

2 

6.200 

2 

€.300 

2 

6. *00 

2 

0.000 

J.20T 


VP0 

U/=o 

1.000  0 

1.000  0 

1.021  0 

1.003  0 

1.1*9  0 

1.061  0 

1.268  0 

1.116  0 

i.'e*  0 

1.171  0 

1.585  0 

1.227  0 

1.751  0 

1.282  0 

1.919  0 

1.337  0 

2.092  0 

1.391  0 

2.270  0 

1.UU5  0 

2.1*52  0 

1.1*90  0 

2.637  0 

1.550  0 

2.826  0 

1.601  0 

3.017  0 

1.651  0 

3.210  0 

1.701  0 

3.1*05  0 

1.71*9  0 

3.602  0 

1.796  0 

3.801  0 

1.81*3  0 

•  *.001  0 

1.889  0 

!*.203  0 

1.93*  0 

V.*o6  0 

1.978  0 

H.611  0 

2.022  0 

v.616  0 

2.065  0 

5.023  0 

2.107  0 

5.231  0 

2.1*9  0 

5. 1*1*0.  0 

2.190  0 

5.61*9  0 

2.230  0 

5.860  0 

2.270  0 

6.072  0 

2.309  0 

6.233  0 

2.31*8  0 

6.1*97  0 

2.386  0 

6.711  0 

2.1*2*  0 

6.926  0 

?.*6l  0 

7.H*2  0 

2. *98  0 

7.358  0 

2.535  0 

7.576  0 

2.571  0 

7.79**  0 

2.606  0 

Tbe  newer  of  ten  It  ihovn  after  each  nuaher, 
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TABLE  II  NORMAL  SHOCK  RELATIONS  AT  SEA  LEVEL 


% 

°K 

Vpo, 

p»l 

V*o 

U/e0  ] 

6.500 

£ 

1.030 

2 

8.01* 

0 

2.61*2 

0 

6.600 

2 

1.062 

2 

8.233 

0 

2.677 

0 

6.700 

2 

1.095 

2 

S.k53 

0 

2.7H 

0 

6. 6-00 

2 

1.127 

2 

8.67k 

0 

2.7k5 

0 

6.900 

2 

1.160 

2 

8.895 

0 

2.779 

0 

7.000 

2 

1.192 

2 

9*117 

0 

2.813 

0 

7.100 

2 

1.225 

2 

9-3kO 

0 

2.81*6 

0 

7.200 

2 

1.258 

2 

9- 56k 

0 

2.879 

0 

7.300 

2 

1.291 

2 

9.786 

0 

2.911 

0 

7A00 

2 

1.32k 

2 

1.001 

1 

2.9*k 

0 

7.500 

2 

1.358 

2 

1.02k 

1 

2.977 

0 

7.600 

2 

1.391 

2 

1.0k7 

1 

3.009 

0 

7.700 

2 

l.k25 

2 

1.070 

1 

3.0kl 

0 

7.800 

2 

l.!*59 

2 

1.093 

1 

3.073 

0 

7.900 

2 

i.1*93 

2 

1.116 

1 

3.10k 

0 

8.000 

2 

1.527 

2 

1.139 

1 

3.135 

0 

8.500 

2 

I.696 

2 

1.255 

1 

3.288 

0 

9.000 

2 

1.871 

2 

1.373 

1 

3-1*35 

0 

9.500 

2 

2.0l*6 

2 

1.692 

1 

3-577 

0 

1.000 

3 

2.223 

2 

1.613 

1 

3.715 

0 

1.C50 

3 

2.U02 

2 

1.73k 

1 

3.8k9 

0 

1.100 

3 

2.582 

2 

1.857 

1 

3.979 

0 

1.150 

3 

2.76k 

2 

1.981 

1 

k.106 

0 

1.200 

3 

2.9*»7 

2 

2.105 

1 

k.230 

0 

1.250 

3 

3.132 

2 

2.231 

1 

k.352 

0 

1.300 

3 

3.313 

2 

2.358 

1 

k.k70 

0 

1.350 

3 

3.5C6 

2 

2.k86 

1 

k.587 

0 

l.too 

3 

3.695 

2 

2.6lk 

l 

k.701 

0 

1.1*50 

3 

3.886 

2 

2.7kk 

1 

k.Slk 

c 

1.500 

3 

k.07: 

2 

2.87k 

1 

k.92k 

0 

1.550 

3 

k.263 

2 

3.00k 

1 

5.032 

0 

1.600 

3 

l*.t*65 

2 

3.139 

1 

5.11*0 

0 

1.650 

3 

k.662 

2 

3.272 

1 

5.2k5 

0 

1.700 

3 

k.«0 

2 

3.k07 

1 

5.350 

0 

1.750 

3 

5.060 

2 

3.5**3 

1 

5>52 

0 

1.800 

3 

5.261 

2 

3.680 

1 

5.55k 

0 

1.850 

3 

3  Mo 

2 

3.815 

1 

5.653 

0 

1.900 

3 

5.667 

2 

3.956 

1 

5.753 

0 

1.950 

2.000 

3 

3 

2 

2 

k  .097 
k  .240 

1 

1 

5.853 

5-951 

0 

0 

.  • 


..  • 


°K 

p«i 

p./*< 

U/c0 

£»00Q 

1 

6.112 

2 

1.279 

1 

5.969 

0 

2.200 

3 

6.993 

2 

1.853 

X 

6.350 

0 

2.100 

3 

1.376 

2 

5.161 

1 

6.722 

0 

2.600 

3 

6.799 

2 

6.087 

1 

7.066 

0 

2.600 

3 

9.757 

2 

6.739 

1 

7.115 

0 

3.000 

3 

1.076 

3 

7.123 

1 

7.802 

0  1 

3.200 

3 

1.183 

3 

8.152 

1 

8.I63 

0 

.3.10Q 

3 

1.297 

3 

6.929 

1 

8.530 

0 

3.600 

3 

1.119 

3 

9.759 

1 

3.903 

0 

3.800 

3 

1.552 

3 

1.066 

2 

9.290 

0. 

k  ,000 

3 

1.687 

3 

1.158 

2 

9.670 

0* 

1.200 

3 

1.832 

3 

1.256 

2 

1.005 

1(1 

1.100 

3 

1.962 

3 

1.359 

£ 

1.011 

lk 

1.600 

3 

2.137 

3 

1.161 

2 

I.063 

1 

l.&OO 

3 

2.291 

3 

1.571 

2 

1.121 

1: 

5.000 

3 

2.152 

3 

1.678 

2 

1.158 

1 

5.500 

3 

2.811 

3 

1.913 

2 

1.211 

1 

6.000 

3 

3.226 

3 

2.205 

2 

1.321 

1: 

6.500 

3 

3.621 

3 

■  2.171 

2 

1.102 

1* 

7.000 

3 

1.01S 

3 

2.761 

2 

1.181 

1 

7.500 

3 

1.531 

3 

3. 055 

2 

1.566 

1 

8.000 

3 

5.100 

3 

3.180 

2 

I.658 

1. 

8.500 

3 

5.765 

3 

3.933 

2 

1.760 

1 

9.000 

3 

6.533 

3 

1.155 

2 

1.870 

1; 

9.500 

3 

7.396 

3 

5.012 

2 

1.967 

la 

►- 

1.000 

1 

8.317' 

3 

5.690 

2 

2.108 

1' 

1.100 

V 

1.011 

1 

7.100 

2 

2.350 

1- 

1.200 

1 

1.253 

1 

8.538 

2 

2.576 

i- 

1.300 

1 

1.119 

1 

9.870 

2 

2.769 

1' 

i.lOO 

w 

1.619 

1 

1.102 

3 

2.928 

i\ 

1  _C.Y> 

k 

1.7 

k 

1 

■j  r^i 

•  .  • 


•  • 
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TABU  IZ  MORXAL  SHOOK  RELATE) IS  AT  SKA  UTO 


V- 
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TABU  II  NORMAL  SHOCK  RELATIONS  AT  SEA  LEVEL 


T,  °K 

T./To 

2.882 

2 

1.000 

2.900 

2 

1.006 

3.000 

2 

1.041 

3.100 

2 

1.075 

3.200 

2 

1.110 

3.300 

2 

1.145 

3.UOO 

2 

1.179 

3.500 

2 

1.211* 

3.600 

2 

1.249 

3.700 

2 

1.284 

3.800 

2 

1.318 

3.900 

2 

1.353 

4.000 

2 

1.388 

4.100 

2 

1.422 

4,200 

2 

1.457 

4.300 

2 

1.492 

4.400 

2 

1.526 

4.500 

2 

1.561 

4.600 

2 

1.596 

4.700 

2 

1.631 

4. 800 

2 

1.665 

4.900 

2 

1.700 

5.000 

2 

1.735 

5.100 

2 

1.769 

5.200 

2 

1.804 

5.300 

2 

1.839 

5.400 

2 

1.873 

5.500 

2 

1.908 

5.600 

2 

1.943 

5.700 

2 

1.978 

5.800 

2 

2.01 2 

5.900 

2 

2.047 

6.000 

2 

2.082 

6.100 

2 

2.116 

6.200 

2 

2.151 

6.300 

2 

2.186 

6.400 

2 

2.220 

rJro 

£,  eal/g* 

r« 

0 

1.000 

HI 

■ 

1.402 

0 

1.015 

0 

■ 

U402 

0 

1.105 

0 

5.11 

1 

1.402 

0 

1.197 

0 

5.28 

1 

1.402 

0 

1.292 

0 

5.45 

1 

1.402 

0 

1.388 

0 

5.62 

1 

1.402 

0 

1.484 

0 

5.80 

1 

1.402 

0 

1.580 

0 

5.97 

1 

1.402 

0 

1.674 

0 

6.14 

1 

1.402 

0 

1.767 

0 

6.31 

1 

1.402 

0 

1.858 

0 

6.48 

1 

1.402 

0 

1.947 

0 

6.66 

1 

1.402 

0 

2.034 

0 

6.83 

1 

1.402 

0 

2.118 

0 

7.00 

1 

1.401 

0 

2.200 

0 

7.13 

1 

1.401 

0 

2.279 

0 

7.35 

1 

1.401 

0 

2.356 

0 

7.53 

1 

1.401 

0 

2.431 

0 

7.70 

l 

1.401 

0 

2.503 

0 

7.88 

1 

1.401 

0 

2.573 

0 

8.05 

1 

1.401 

0 

2.641 

0 

8.23 

1 

1,400 

0 

2.707 

0 

8.40 

1 

1.400 

0 

2.771 

0 

8.58 

1 

1.400 

0 

2.832 

0 

8.76 

1 

1.400 

0 

2.893 

0 

8.94 

1 

1.400 

0 

2.951 

0 

9.U 

1 

1.399 

0 

3.008 

0 

9-29 

1 

1.399 

0 

3.063' 

0 

9.47 

1 

1.399 

0 

3.116 

0 

9.65 

1 

1.399 

0 

3.169 

0 

9.83 

1 

1.398 

0 

3.219 

3.269 

0 

1.00 

2 

1.396 

0 

0 

1.02 

2 

1.398 

0 

3.317 

0 

1.03 

2 

1.397 

0 

3.364 

0 

1.05 

2 

1.397 

0 

3.410 

0 

1.07 

2 

1.397 

0 

0 

3.454 

3.496 

0 

0 

1.09 

1.11 

2 

2 

1.396 

1.396 
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TABLE  IX  SORKAL  SHOCK  R2UCIDIS  AT  SXA"  L5YK, 


T 


6.500 

6.6co 

6.700 

6.800 

6.900 


CK 


».Ao 


2 

& 

2 

2 

2 


2.255 

2.29a 

2.325 

2.359 

2.394 


0 

Q 

0 

0 

0 


r*h  o 


3.541 

3*582. 

3.623 

3.662 

3.701 


*»  c*l/«* 


0 

0 

0 


1.13  2 

UA  2. 
1.16  2 


1.396 

U355 

1.395 


0 

0 


l.lfl  2  1.395 

1.20  2  {  1.39* 


7.000  2 

?. ICO  2 

7.200  2 

7»30Q  2 

7,400  2 


2.429  0 

2.463  0 

2.498  0 

2.533  0 

2.568  0 


3.739  0 
3.777  0 
3.8x3  0 

3.849  0 
3.884  0 


1.22  2 
1.24  2 

1.26  2 
1.28  2 
1.29  2 


1.394 

1.393 

1.393 

1.392 

1.392 


7.500  2 
7.600  2 
7.700  2 
7.800  2 
7.900  2 


2.602  0 
2.637  0 

2.672  0 

2.706  0 

2.741  0 


3.9x8  0 

3.952  0 

3.985  0 

4,0X8  0 

4.050  0 


1.31  2 

1.33  2 

1.35  2 

1.37  2 

1.39  2 


1.392 

1.391 

1.391 

1.391 

1.390 


8.000  2 
8.500  2 
9-000  2 
9-500  2 

1.000  3 


2.776  0 

2.949  0 

3.123  0 
3,296  0 
3.470  0 


4.081  0 

4.229  0 
4.366  0 

4.492  0 

4.610  0 


1.41  2 

1.51  2 

1.61  2 
1.71  2 

1,81  2 


1-390 

1.383 
1.366 

1.384 
1.381 


1.050  3 
l.ioo  3 
1.150  3 
1.200  3 
1,250  3 


3.643  0 

3.317  0 

3.990  0 

4-164  0 

4-337  0 


4.720  0 
4.822  0 

4.919  0 
5,010  0 
5.099  0 


1.91  2 

2.01  2 
2.1 2  2 
2.23  2 

2.33  2 


1.379 

1.377 

1.374 

1.372 

1.370 


1.300  3 
1.350  3 
1.400  3 
1.450  3 
1.500  3 


4.511  0 

4.684  0 

4.858  0 

5.031  0 

5.205  0 


5.179  0 
5.258  0 
5.334  0 

5.405  0 
5.474  0 


2.44  2 

2.55  2 

2.66  2 
2.77  2 
2.88  2 


1.368 

1.365 

1.363 

1.361 

1.359 


1.550  3 
1,600  3 
1.650  3 
1.700  3 
1.750  3 


5.378  0 
5.552  0 
5,725  0 
5.899  0 
6,073  0 


5.535  0 
5.605  0 
5.666  0 
5.727  0 
5.786  c 


3.00  2 

3.H  2 

3.23  2 

3.34  2 

3.46  2 


1.357 

1.355 

1.353 

1.351 

1.349 


1.800  3 
1.850  3 
1.900  3 
1.950  3 
2. COO  3 


6.246  0 
6.420  0 
6.593  0 
6.767  0 

6.940  0 


5.843  0 
5.899  0 
5*95  3  0 
6.007  0 
6.059  0 


3.58  2 
3.70  2 

3.82  2 
3.94  2 

4.07  2 


1.347 

1.345 

1.343 
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TABU  H  NORMAL  8B0CK  RJILASIOWC  AT  SIA  LEVEL 


T./T0 

E,  c*l/g* 

r • 

2.000 

1 

,  6.9^1 

0 

6.166 

0 

1.09- 

2 

1*335 

2.200 

3 

7.635 

0 

6.361 

0 

1.59 

2 

1.328 

2.100 

3 

8.329 

0 

6.556 

0 

5.12 

2 

1.321 

2.600 

3 

9.023 

0 

6.713 

0 

5.67 

2 

1.311 

2.800 

3 

9.717 

0 

6.927 

0 

6.25 

2 

1.307 

3.000 

3 

l-0*»! 

« 

A 

7.112 

0 

6.85 

2 

•1.301 

3.200 

3 

1.110 

1 

7.206 

0 

7.50 

2 

1.291 

3.too 

3 

l.lflO 

1 

7.508 

0 

8.20 

2 

1.286 

3.600 

3 

1.2U9 

1 

7.715 

0 

8.95 

2 

1.279 

3.800 

3 

1.319 

1 

7.939 

0 

9.77 

2 

1.272 

*1.000 

3 

i.388 

1 

8.136 

0 

1.06 

3 

1.265 

A.  200 

3 

I.V58 

1 

8.339 

0 

1.11 

3 

1.259 

L.lOO 

3 

1.527 

1 

8.528 

0 

1.21 

3 

1.253 

A.  600 

3 

1.596 

1 

8.701 

0 

1.33 

3 

1.218 

1.800 

3 

1.666 

1 

8.853 

0 

1.13 

3 

1.211 

5.000 

3 

1.735 

1 

8.983 

0 

1.53 

3 

1.211 

5.500 

3 

1.909 

1 

9.215 

0 

1.77 

3 

1.235 

6.000 

3 

2.082 

1 

9.365 

0 

2.00 

3 

1.232 

6.500 

3 

2.256 

1 

9.180 

0 

2.23 

3 

1.230 

7.C00 

3 

2.129 

1 

9.631 

0 

2.50 

3 

1.227 

7.500 

3 

2.603 

1 

9.812 

0 

2.80 

3 

1.222 

8.000 

3 

2.776 

1 

1.010 

1 

3.15 

3 

1.216 

8.500 

3 

2.950 

1 

1.012 

1 

3.56 

3 

1.209 

9.000 

3 

3.123 

1 

1.077 

1 

1.05 

3 

1.202 

9.500 

3 

3.297 

1 

1,112 

1 

1.59 

3 

1.195 

1.000 

V 

3.V70 

1 

l.lll 

1 

5.20 

3 

1.189 

1.100 

l 

3.817 

1 

1.195 

1 

6.51 

3 

1.180 

1.200 

k 

1.161 

1 

1.220 

1 

7.83 

3 

1.176 

1.300 

H 

1.511 

1 

1.221 

1 

9.05 

3 

1.176 

1.100 

v 

1.858 

1 

1.213 

1 

1.00 

1 

1.178 

1.500 

5.205 

‘  1 

I..96 

1 

1.09 

1 

1.181 

i,* 
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TABU  II  NORMAL  8B00K  RiUTIOKS  AT  8U  UYKL 


*. 

°JC 

7«/lo 

Ka  cal/ 

■E9 

U585 

5.500 

1 

1.185 

1 

1.20 

*- 

UlS} 

1.77s 

* 

6.171 

1 

1.1*6 

1 

1.33 

* 

1.191 

1.995 

1 

6.92* 

Z 

1.122 

Z 

X.50 

* 

1.195 

2.239 

* 

7.769 

1 

1.112 

1 

1.7* 

* 

1.197 

2.512 

* 

8.717 

1 

1.110 

1 

2.07 

* 

1.159 

3.162 

* 

1.097 

2 

1.105 

1 

2.96 

* 

1.199 

3.5*8 

* 

1.231 

2 

1.06V 

1 

3. *8 

V 

1.203 

3.961 

* 

1.382 

2 

1.061 

1 

*.o* 

* 

1.209 

*.*67 

* 

1.550 

2 

1.037 

1 

*.67 

* 

1.213 

5.012 

* 

1.739 

2 

1.022 

z 

5. *5 

* 

L.216 

5.623 

*  . 

1.951 

2 

1.017 

X 

6. *7 

* 

■ESI 

6.310 

% 

2.190 

2 

1.016 

1 

7.76 

* 

7.060 

‘4 

2.L57 

2 

1.012 

X  * 

9.32 

* 

■IpI 

7.9*3 

* 

2.757 

2 

1.002 

1 

1.11 

5 

1.221 

8.913 

4 

3.093 

2 

9.906 

0 

1.33 

5 

1.22* 

1.000 

5 

3. *70 

2 

9.801 

0 

1.59 

5 

1.226 

1.122 

5 

3.89* 

2 

9.681 

0 

1.90 

5 

1.229 

1.959 

5 

*.369 

2 

9.5*6 

0 

2.28 

5 

1.233 

l.fcI2 

5 

*.902 

2 

9.38* 

0 

2.71 

5 

1.237 

1.585 

5 

5.500 

2 

9.229 

0 

3.23 

5 

1.2*1 

1.778 

5 

6.171 

2 

9-0*3 

0 

3.82 

5 

1.2*7 

1.995 

5 

6.92k 

2 

8.8*2 

0 

*.*9 

5 

1.253 

2.239 

5 

7.769 

2 

8.615 

0 

5.23 

5 

1.261 

2.512 

5 

8.717 

2 

8.370 

0 

6.03 

5 

1.270 

2.818 

5 

9.781 

2 

8.088 

0 

6,8* 

5 

1.281 

3.162 

5 

1.097 

3 

7.761 

0 

7.62 

5 

1.29* 
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TABIZ  HI  BORMAL  SBDCK  R2UTI083  A?  50,000  M 


*. 

°t 

r.-Po, 

r»i 

?./*o  ' 

U/e0 

2.000 

3. 

.  9.717 

1 

5.843 

X. 

6.980 

0 

2.200 

3 

1.103 

2 

6.623 

1 

7.428 

0 

2.400 

3 

1.241 

2 

7.439 

1 

7.848 

0 

2.600 

3 

1.388 

2 

8.308 

1 

8.279 

0 

2.800 

3 

1.546 

2 

9.242 

1 

8.715 

0 

3.000 

3 

1.719 

2 

1.026 

2 

9.164 

0 

3.200 

3 

1.9U 

2 

1.J40 

2 

9.638 

0 

3.4oo 

3 

2.126 

2 

1.266 

2 

1.013 

1 

3.600 

3 

2.363 

2 

1.407 

2 

I.065 

1 

3.800 

3 

2.627 

2 

1.563 

2 

1.120 

1 

4.000 

3 

2.854 

2 

1.720 

2 

1.174 

1 

4.200 

3 

3.177 

2 

1.888 

2 

1.227 

1 

4.400 

3 

3.462 

2 

2.056 

2 

1.279 

1 

4.600 

3 

3.742 

2 

2.222 

2 

1.329 

1 

4.600 

3 

4.013 

2 

2.382 

2 

1.375 

1 

5.000 

3 

4.274 

2 

2.536 

2 

1.418 

1 

5.500 

3 

4.883 

2 

2.899 

2 

1.515 

1 

6.000 

3 

5.520 

2 

3.273 

2 

1.609 

1 

6.500 

3 

6.255 

2 

3.707 

2 

1.711 

1 

7.000 

3 

7.169 

2 

4.247 

2 

1.829 

1 

7,5oo 

3 

8.306 

2 

4.920 

2 

1.964 

1 

8.000 

3 

9.699 

2 

5.743 

2 

2.138 

1 

8.500 

3 

1.133 

3 

6.708 

2 

2.284 

1 

9.000 

3 

1.315 

3 

7.788 

2 

2.457 

1 

9.500 

3 

1.510 

3 

8.936 

2 

2.629 

1 

1.000 

V 

1.707 

3 

1.010 

3 

2.793 

1 

1,100 

4 

2.069 

3 

1.224 

3 

3.073 

1 

1.200 

k 

2.359 

3 

1.395 

3 

3.282 

1 

1.300 

k 

2.590 

3 

i.532 

3 

3.442 

l 

l.UOO 

k 

2.797 

3 

1.654 

3 

3.580 

1 

1.500 

k 

3.00? 

3 

1.777 

3 

3.714 

1 
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TABLE  III  RORXAL  SHOCK  RZUTIOKS  AT  50,000  FEET 


T. 

°K 

1  rJpo 

KB 

2.000 

3 

9.231 

'  0 

6.330 

V.09 

2 

1.335 

2.20Q 

3 

U015 

JL 

6.522 

1 

V.60 

2 

1.328 

2.V00 

3 

1.108 

1 

6.712 

1 

5.13 

2 

1.320 

2.600 

3 

1.200 

1 

6.912 

1 

5.71 

2 

1.312 

2.800 

3 

1.292 

1 

7.126 

1 

6.33 

2 

1.30V 

3.000 

3 

1.385 

1 

7.360 

1 

7.02 

2 

1.295 

3.200 

3 

l.**77 

1 

7.626 

X 

7.79 

2 

1.285 

3. >*00 

3 

1.569 

1 

7.916 

1 

8.66 

2 

1.27V 

3.600 

3 

1.662 

1 

8.223 

1 

9.62 

2 

1.26V 

3.800 

3 

1.75V 

0 

1 

8.5V7 

1 

1.07 

3 

1.25V 

W.000 

3 

1.81.6 

1 

8.822 

1 

1.17 

3 

1.2S6 

H.200 

3 

1.939 

1 

9.083 

1 

1.29 

3 

1.239 

V.VOO 

3 

2.031 

1 

9.301 

1 

l.U 

3 

1.233 

K.600 

3 

2.123 

1 

9.V73 

1 

1.52 

3 

1.229 

V.800 

3 

2.215 

1 

9.601 

1 

1.63 

3 

1.226 

5.000 

3 

2.308 

1 

9.692 

1 

1.73 

3 

1.22ii 

5.500 

3 

2.539 

i 

9.82c 

1 

1.98 

3 

1.221 

6.000 

3 

2.769 

1 

9.9VV 

1 

2.23 

3 

1.219 

6.500 

3 

3.000 

1 

1.016 

2 

2.53 

3 

1.21V 

7.000 

3 

3.231 

1 

1.050 

2 

2.90 

3 

1.207 

7.500 

3 

3.V62 

1 

1.095 

2 

3.36 

3 

1.198 

8.000 

8,500 

3 

3 

3.692 

3.923 

V.15V 

1 

1 

1.1V7 

1.201 

1  Ol.  ft 

2 

2 

1.188 

1.179 

9.000 

3 

1 

C 

3 

1.172 

9.500 

3 

V.385 

1 

1.257 

2 

6.19 

3 

1.166 

1.000 

1* 

U.616 

1 

1.31V 

2 

7.01 

3 

I.163 

1.100 

k 

5.077 

1 

1.333 

2 

6.V9 

3 

I.161 

1.200 

U 

5.539 

1 

1.320 

2 

9.65 

3 

I.163 

1.300 

V 

6.000 

1 

1.29** 

2 

1.05 

\ 

1.166 

l.UOO 

V 

6.H62 

1 

1.267 

2 

1.13 

U 

1.170 

1.500 

U 

6.923 

1 

1.2VV 

2 

1.22 

1.17V 
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TaBIE  IXI  NuRMAL  SHOCK  RELATIONS  AT  50,000  TZBt 


T,/T0 

7*315 

1 

1.228 

1 

8.208 

1 

1.20T 

1 

9.209 

1 

1.199 

1 

1.033 

2 

1.194 

1 

1.159 

2 

1.183 

1 

1.U60 

2 

1.126 

1 

I.638 

2 

1.080 

1 

1.637 

2 

1.048 

1 

2.062 

2 

1.035 

1 

2.313 

2 

1.039 

1 

2.595 

2 

1.042 

1 

2.912 

2 

1.038 

1 

3.268 

2 

1.027 

1 

3.666 

2 

1,020 

1 

4.114 

2 

1.016 

1 

4.6l£ 

O 

•» 

1.010 

1 

5.179 

2 

1.000 

1 

5.811 

2 

9.880 

0 

6.520 

2 

9.717 

0 

7.315 

2 

9.589 

0 

8.208 

2 

9-374 

0 

9.209 

2 

9.122 

0 

1.033 

3 

8.808 

0 

1.159 

3 

8.463 

0 

1.301 

3 

8.079 

0 

I.U60 

3 

7.687 

0 

E,  cal/ EH 


2.10  5 

2.51  5 

1.00  5 


4.22  5 

1.232 

4.94  5 

1.238 

5.71  5 

1.245 

6.47  5 

1.255 

7.22  5 

1.267 

7.90  5 

1.282 

8.51  5 

1.304 
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TABU  IT  NORMAL  S20CK  RS1ATI0SS  AT  100,000  TEE? 


*. 

pii 

P./P 

0 

U/co 

2,000 

3 

8.507 

0 

5. **05 

1 

6.713 

0 

2.200 

3 

9.703 

0 

6.151 

l 

7.148 

0 

,2.400 

1 

uica 

L 

6.964 

L 

7.589 

0 

2.600 

3 

1.249 

1 

7.889 

1 

8.056 

0 

2.600 

3 

1.423 

1 

8.977 

1 

8.566 

0 

3.000 

3 

1.631 

1 

1.027 

2 

9.131 

0 

3.200 

3 

1.878 

1 

1.161 

2 

9.757 

0 

3.U00 

3 

2.163 

1 

1.358 

2 

1.042 

1 

3.600 

3 

2.471 

1 

1.551 

2 

1.110 

1 

3.800 

3 

2.793 

1 

1.751 

2 

1.177 

1 

4.000 

3 

3.085 

1 

1.933 

2 

1.235 

1 

4.200 

3 

3.357 

1 

2.103 

2 

1.288 

1 

4.4oo 

3 

3.600 

1 

2.255 

2 

1.333 

1 

4.600 

3 

3.821 

1 

2.393 

2 

1.373 

1 

4.800 

3 

4.029 

1 

2.523 

2 

1.410 

1 

5.000 

3 

4.239 

1 

2.654 

2 

1.446 

1 

5.500 

3 

4.840 

1 

3.028 

2 

1.5**3 

1 

6.000 

3 

5.668 

1 

3.545 

2 

I.667 

1 

6.500 

3 

6.825 

1 

4.269 

2 

1.824 

1 

7.000 

3 

8.371* 

1 

5.232 

2 

2.013 

1 

7.500 

3 

1.028 

2 

6.425 

2 

2.225 

1 

8.000 

3 

1.242 

2 

7.753 

2 

2.440 

1 

8.500 

3 

1.458 

2 

9.106 

2 

2.641 

1 

9.000 

3 

1.655 

2 

1.033 

3 

2.812 

1 

9.500 

3 

1.820 

2 

1.136 

3 

2.949 

1 

1.000 

4 

1.952 

2 

1.218 

3 

3.055 

1 

1.100 

4 

2.157 

2 

1.346 

3 

3.215 

1 

1.200 

4 

2.345 

2 

1.463 

3  ■ 

3.355 

1 

1.300 

4 

2.560 

2 

1.5S7 

3 

3.508 

1 

1.400 

4 

2.822 

2 

1.761 

3 

3.605 

1- 

1.500 

4 

3.126 

2 

1.950 

3 

3.880 

1 

KAVORD  RKROKT  6075 

TABU:  IV  NORMAL  SHOCK  RELATIONS  AT  100,000  TUT 


°K 

T.Ao 

/“o 

Ki  C*l/pi 

K 

1.585 

4 

6.812 

1 

1.348 

1 

1.59 

4 

1.159 

1.778 

4 

7.643 

1 

1.356 

1 

1.99 

4 

1.158 

1.995 

4 

8.576 

L 

U35L 

L 

2.51 

4- 

1.158 

2.239 

4 

9.622 

1 

1.322 

1 

3.08 

4 

I.I63 

2.512 

4 

1.080 

2 

1.270 

1 

3.61 

4 

1.170 

2.318 

4 

1.211 

2 

1.207 

1 

4.04 

4 

l.lBo 

3.182 

4 

1.359 

2 

1.159 

1 

4.51 

4 

1.188 

3.548 

4 

1.525 

2 

1.132 

1 

5.18 

4 

1.193 

3.981 

4 

1.711 

2 

1.142 

1 

6.34 

4 

1.191 

4.467 

4 

1.920 

2 

1.156 

1 

7.92 

4 

I.I89 

5.012 

4 

2.154 

2 

1.152 

1 

9.65 

4 

1.189 

5.623 

4 

2.417 

2 

1.132 

1 

1.13 

5 

1.193 

6.310 

4 

2.712 

2 

1.123 

1 

1.35 

5 

1.195 

7.080 

4 

3.043 

2 

1.126 

1 

I.65 

5 

1.194 

7.943 

4 

3.414 

2 

1.125 

1 

2.00 

5 

1.194 

8.913 

4 

3.830 

2 

1.115 

1 

2.4o 

5 

1.196 

1.000 

5 

4.256 

2 

1.108 

1 

2.88 

5 

1.198 

1.122 

5 

4.822 

2 

1.098 

1 

3.46 

5 

1.200 

1.259 

5 

5.410 

2 

1.080 

1 

4.09 

5 

1.203 

1.412 

5 

6.071 

2 

1.058 

1 

4.81 

5 

1.208 

1.585 

5 

6.812 

2 

1.035 

1 

5.58 

5 

1.213 

1.778 

5 

7.643 

2 

9.962 

0 

6.28 

5 

1.222 

1.993 

5 

8,564 

2 

9.514 

0 

6.90 

5 

1.234 

2.239 

5 

9.622 

2 

9.032 

0 

7.45 

5 

1.249 

2.512 

5 

1.080 

3 

8.541 

0 

7.93 

5 

1.265 

2.81B 

5 

1.211  . 

3 

8.069 

0 

8.39 

5 

1.283 

3.162 

5 

1.359 

3 

7.583 

0 

8.79 

5 

1.304 

r. 

r»i 

2.000 

3 

9.213 

-1 

1.119 

1 

6.088 

0 

2.200 

3 

1.067 

0 

5.121 

1 

6.515 

0 

2.100 

3 

1.237 

0 

5.925 

1 

6.983 

0 

2.600 

3 

I.U56 

0 

6.953 

1 

7.530 

0 

2.500 

3 

l.Tkl 

0 

8.293 

1 

8.180 

0 

3.000 

3 

2.096 

0 

9.967 

1 

8.921 

0 

3.200 

3 

2.505 

0 

1.189 

2 

9.702 

0 

3ACO 

3 

2.925 

0 

1.386 

2 

1.011 

1 

3.600 

3 

3.307 

0 

1.566 

2 

1.106 

1 

3.600 

3 

3.630 

0 

1.718 

2 

1.160 

1 

1.000 

3 

3.882 

0 

1.837 

2 

1.199 

1 

1.200 

3 

I.IX* 

0 

1.95*! 

2 

1.233 

1 

l.loo 

3 

1.317 

0 

2.011 

2 

I.265 

1 

1.600 

3 

k.fr 

0 

2.H9 

2 

1.298 

1 

1.800 

3 

I.806 

0 

2.271 

2 

1.332 

1 

5.0C0 

3 

5.117 

0 

2.1)8 

2 

1.376 

1 

5.500 

3 

6.221 

0 

2.937 

2 

1.512 

1 

6.000 

3 

7.955 

0 

3.753 

2 

1.703 

1 

6.500 

3 

1.035 

1 

I.883 

2 

1.935 

1 

7.000 

3 

1.322 

1 

6.235 

2 

2.1B1 

1 

7.500 

3 

1.611 

1 

7.591 

2 

2.I03 

1 

8.000 

3 

1.851 

1 

8.721 

2 

2.575 

1 

8.500 

3 

2.025 

1 

9.513 

2 

2.69I 

1 

9.000 

3 

2.152 

1 

1.013 

3 

2.778 

1 

9.500 

3 

2,257 

1 

1.063 

3 

2.817 

1 

1.000 

1 

2.359 

1 

l.lll 

3 

2.91* 

1 

1,100 

1 

2.601 

1 

1.225 

3 

3.061 

1 

1.200 

k 

2.931 

1 

1.380 

3 

3.251 

1 

1.300 

k 

3.375 

i 

1.589 

3 

3.187 

1 

1.100 

k 

3.939 

1 

1.851 

3 

3.766 

1 

1.500  V 


1.6il  1 


2.171  3 


**.073  1 
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TABU  T  NORMAL  SHOCK  RELATIONS  AT  150,000  FEET 


►  t* 

y«l 

u/cj 

l 

1.585 

* 

5.21B 

1 

2.*56 

3 

V.332 

1 

1.778 

* 

6.S90 

1 

3.1*9 

3 

*.906 

1 

1.995 

* 

8.058 

1 

3.793 

3 

5.391 

1 

2.239 

* 

9.073 

1 

*.270 

3 

5.732 

1 

2.512 

* 

9.872 

1 

*.6*6 

3 

5.9S* 

1 

2.8:8 

* 

1.095 

2 

5.157 

3 

6.326 

1 

3.182 

* 

1.316 

2 

6.197 

3 

6.93* 

1 

3.5*8 

* 

1.669 

2 

7.858 

3 

7.801 

1 

3.581 

* 

2.092 

2 

9.8*7 

3 

8.729 

1 

*.*67 

* 

2.*8o 

2 

I.167 

* 

9.512 

l 

5.012 

* 

2.886 

2 

1.358 

* 

1.027 

2 

5.623 

* 

3. *89 

2 

1.6*2 

* 

I.129 

2 

6.310 

* 

*.320 

2 

2.033 

* 

1.255 

2 

7.030 

* 

5.196 

2 

2.**5 

* 

1.377 

2 

7.9*3 

* 

6.208 

2 

2.921 

* 

1.506 

2 

8.913 

V 

7.53* 

2 

3.5*5 

* 

1.659 

2 

1.000 

5 

9.029 

2 

*.2*9 

* 

1.817 

2 

1.122 

5 

1.069 

3 

5.031 

* 

1.979 

2 

1.259 

5 

1.256 

3 

5.912 

* 

2.1*7 

2 

l.*13 

5 

l.*29 

3 

6.726 

* 

2.29* 

2 

1.585 

5 

1.577 

3 

7. *22 

* 

2.*l6 

2 

1.778 

5 

1.707 

3 

8.035 

* 

2.521 

2 

1.995 

5 

I.819 

3 

8,563 

* 

2.611 

2 

2.239 

5 

1.92* 

3 

9.056 

* 

2.695 

2 

2.512 

5 

2.032 

3 

9.566 

* 

2.781 

2 
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TABU  V  SORXAL  SBXK  BZ1ATI0H8  AT  150,000  PUT 


t, 

•X 

P  J  Po 

X,  ci 

i/e* 

mm 

2*000 

1 

r 

7-196 

a 

6*179 

a 

4*11 

2 

2.200 

3 

7.913 

0 

6.455 

0 

4.68 

2 

1.328 

2.W00 

3 

8.638 

0 

6.816 

0 

5.37 

2 

1.308 

2.600 

3 

9.357 

0 

7.317 

0 

6.26 

2 

1.288 

2.800 

3 

.1.007 

1 

7.977 

0 

7*47 

2 

1.265 

3.000 

3 

1.079 

1 

8.746 

0 

8.98 

2 

1.242 

3.200 

3 

1.151 

1 

9.509 

0 

1.07 

3 

1.222 

Rj*oo 

1.223 

1 

1.013 

1 

1.24 

3 

1.209 

3.600 

3 

1.295 

i 

I.054 

1 

1.40 

3 

1.201 

3.800 

3 

1.367 

1 

1.074 

1 

1.54 

3 

1.196 

4.000 

3 

1.439 

1 

1.073 

1 

1.64 

3 

1.197 

4.200 

3 

1.5U 

1 

1.075 

1 

1.73 

3 

1.198 

4.400 

3 

1.533 

1 

1.072 

1 

1.82 

3 

1.199 

4,600 

3 

1.655 

1 

1.073 

1 

1.91 

3 

1.199 

4.300 

3 

1.727 

1 

1.079 

1 

2.02 

3 

1.198 

5.000 

3 

1.799 

1 

1.092 

1 

2.15 

3 

1.196 

5-500 

3 

1.979 

1 

1.162 

1 

2.61 

3 

.  1.184 

6.000 

3 

2.159 

1 

1.282 

1 

3.36 

3 

1.166 

6.500 

3 

2.339 

1 

1.419 

1 

4.40 

3 

1.1*9 

7.000 

3 

2.519 

1 

1.535 

1 

5.63 

3 

1.137 

7.500 

3 

2.699 

1 

1.605 

1 

6.86 

3 

1,131 

8.000 

3 

2.879 

1 

I.626 

1 

7.87 

3 

1.130 

8.500 

3 

3-059 

1 

1.613 

1 

8.59 

3 

1.131 

9.000 

3 

3.239 

1 

1.534 

1 

9.U 

3 

1.134 

9.500 

3 

3.M9 

1 

1.552 

1 

9.54 

3 

1.137 

1.000 

V 

3.599 

1 

1.524 

1 

9.96 

3 

1.139 

1.100 

V 

3.959 

1 

1.487 

1 

I.09 

4 

1.143 

1.200 

4 

4.319 

1 

1.477 

1 

1.23 

4 

1.144 

1.300 

4 

4. 678 

1 

1.487 

1 

1.42 

4 

1.143 

1.400 

4 

5.033 

1 

1.506 

1 

1.66 

4 

1.141 

1.500 

k 

5.390 

1 

1.524 

1 

1.94 

4 

1.139 
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TABLS  Y  HORXAL  SBXX  RKUTIOIS  AT  150,000  YEZT 


T. 

°K 

VT o 

pJpo 

1,  CAi/g* 

r. 

U585 

5. 70V 

V 

U532 

V 

2^20 

V 

1.13a 

1.778 

* 

6.U00 

1 

1.523 

1 

2.82 

k 

1.139 

1.995 

k 

7.181 

1 

l.k71 

1 

3.38 

k 

1.1*5 

2.239 

V 

8.057 

1 

1.390 

1 

3.79 

k 

1,15k 

2.512 

V 

9.0k0 

1 

1.307 

1 

k.10 

k 

1.165 

2.81 8 

k 

1.05k 

2 

1.25k 

1 

*.53 

k 

1.173 

3«l62 

k 

1.138 

2 

1.260 

1 

5.V5 

k 

1.172 

3.5*8 

k 

1.277 

2 

1.209 

1 

6.9* 

k 

1.167 

3.891 

k 

l.k32 

2 

1.299 

1 

8.70 

k 

1.166 

W.k67 

k 

1.607 

2 

1.27k 

1 

1.02 

5 

1.170 

5.012 

«. 

«* 

1.803 

2 

1.2k? 

1 

1.19 

5 

1.17V 

5.623 

k 

2.023 

2 

1.250 

1 

l.kk 

5 

1.173 

6.310 

k 

2.270 

2 

1.261 

1 

1.79 

5 

1.171 

7.080 

k 

2.5*8 

2 

1.251 

1 

2.15 

5 

1.173 

7.9*3 

k 

2.858 

2 

1.2kl 

1 

2.56 

5 

1.175 

8.913 

k 

3.207 

2 

1.2  VO 

1 

3.H 

5 

1.175 

1.000 

5 

3.599 

2 

1.228 

l 

3.72 

5 

1.177 

1.122 

5 

*.038 

2 

1.208 

1 

k.ko 

5 

1.180 

1.259 

5 

*.531 

2 

1.18k 

1 

5.16 

5 

1.18k 

l.*12 

5 

5.08k 

2 

1.1V2 

1 

5.35 

c 

✓ 

1.192 

1.585 

5 

5.70k 

2 

1.069 

1 

6.V2 

5 

1.202 

1.778 

5 

6.U00 

2 

1.031 

1 

6.91 

5 

1.215 

1.995 

5 

7.181 

2 

9.700 

0 

7.32 

5 

1.230 

2.239 

5 

8.057 

2 

9.107 

0 

7.68 

5 

1.2V7 

2.512 

5 

9.0k0 

2 

8.561 

0 

8.05 

5 

1.26k 
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TABSX  VI  HCrUAL  S3DCK  RSUIIOSS  AT  200,000  *E CT 


T  °C 

• 

V?a»  »<l 

2.000  3 

I.606  -I 

2.200  3 

1.883  -1 

2.400  3 

2.?59  -1 

2.600  3 

2.791  -1 

3*495  -1 

13.000  3 

4.311  -1 

1 3.200  3 

5.111  -1 

3.4w  3 

5*758  -1 

3.600  3 

6.232  rl 

3.800  3 

6.606  -1 

4.000  3 

6.942  -1 

4.200  3 

7*300  -1 

4.400  3 

7.724  -1 

4.600  3 

8.255  -1 

4.800  3 

8.938  -1 

■  i 

5.000  3 

9.814  -1 

5.500  3 

1.305  0 

6.000  3 

1.787  0 

6.500  3 

2.369  0 

7.000  3 

2.901  0 

7.500  3 

3.270  0 
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FIG.  4  SHOCK  TEMPERATURE  RATIO  VS  SHOCK  PRESSURE  RATIO  AT  VARIOUS  ALTITUDES 


